The precise information regarding the date of sowing, seed rate and row spacing is critical 14 for achieving yield targets and better economic returns of barley. Therefore here, we 15 determined the information regarding the optimum date of sowing, seed rate, spacing and 16 economic aspects for barley production. This study was conducted for three years, in north 17
Globally, occupies an area of 47.0 million ha with a production of 147.4 million tonnes. 40 The global productivity of barley is 3.14 t/ha and in India, barley productivity is only 2.67 41 t/ha ("FAOSTAT," n.d.). 42
By the end of the 21 st century, the average global temperature rise is expected between 43 2.4 to 6.4ºC, that is anticipated to cause a remarkable negative influence on agricultural 44 crop production (Council, 2008; Islam and Karim, 2019) . The perturbations in weather 45 conditions at any stage from germination to maturity affects the barley crop production 46 (Barnabás et al., 2008) . High temperature and limited water availability are significant 47 constraints because of their profound effect on physiological and biochemical processes that 48 result in -reduced photosynthetic activity, altered metabolism and enzymatic activities 49 (Samarah, 2005 Therefore, this study was designed to generate valuable information regarding the useful 66 practices, i.e. optimum date of sowing, seed rate and spacing for the cultivation of barley in 67 the northern Indian conditions. 68
MATERIALS AND METHODS Experimental Site 69
The experiment was carried out for three consecutive years, i.e. 2015-16, 2016-17 and 70
2017-18 at CCS Haryana Agricultural University, Regional Research Station, Rewari 71
Haryana, India located at coordinates of 28º4' N latitude and 76º35' E longitude, an altitude 72 of 266 m above mean sea level (Arabian Sea). The crop season during each was from October 73 -April. 74
Climatic conditions and soil characteristics 75
The climate of Bawal (Rewari), India can be classified as tropical and semiarid with hot 76 and dry winds in summer, severe cold in winter and humid, warm weather during the rainy 77 season. The maximum temperature sometimes exceeds 48 0 C in summer while minimum 78 temperature falls to below freezing (0 to -2 0 C) accompanied by frost in winter occasionally. 79
About 80 to 90 per cent of total annual rainfall is received from the south-west monsoon in 80
July to September while remaining 10 to 20 per cent rainfall is received from the northeast 81 monsoon in the winter or spring season. effective tillers were counted with the help of square of 0.5 m × 0.5 m from the four random 105 sites in each plot at each location and were summed up to calculate tillers/m 2 . For the number 106 of grains per spike, twenty spikes were randomly collected from each plot before harvesting. 107
These spikes were threshed and grains were cleaned, counted and weighed to compute 1000-108 grain weight. For estimating the biological mass crop from 2 m 2 area in the centre of the plot 109 was harvested and weighed after drying (to record biological mass). The grain yield was 110 determined from the threshed and weighed sample of barley crop with the help of portable 111 digital balance. Whereas the harvest index was estimated as the ratio of grain yield to the total 112 biological yield (grain yield + plant biomass). 113 114
Economics and statistical analysis 115
The cost of cultivation was based on the prevailing market rates for all operations and 116 inputs. Cost for additional 10% seed was added in treatment combinations with 110 % of 117 recommended seed rate. Gross returns were determined on the basis prevailing market rates 118 of grain and straw in respective seasons. Net returns were the difference between gross returns 119 and cost of cultivation/ha. Benefit: Cost (B:C) ratio was calculated using the following 120 formula: 121 B:C = Gross returns (USD ha -1 ) ÷ Gross cost (USD ha -1 ) 122 123
The means were used for the estimation of analysis of variance (ANOVA) in order to estimate 124 the differences among the treatments. The recorded data for 3 years (2015-16 to 2017-18) 125
were tabulated and analysed statistically using the F-test. LSD (Least significant difference) 126 values at p=0.05 were used to explain the significant difference between means of different 127 treatment. All these analyses were performed with the SPSS (11.5 version) software package. spacing (111.9 cm) followed by that recorded in the recommended spacing of 22.5 cm and 142 significantly higher than height found in 17.5 cm row spacing (Table 2) . 143
Date of sowing had a significant effect on the number of days to 50 % spike emergence 144 and days to maturity of barley (Table 2 ). Days to 50 % spike emergence dwindled from 86.2 145 cm with sowing in last week of October to 76.4 cm when the crop is sown in the third week 146
of November. Seed rates did not bring any significant disparity in the number of days needed 147 to 50 % spike emergence and days to maturity of barley. Likewise, variation in row spacing 148 also had no significant effect on days to maturity of barley. Nevertheless, the number of days 149 required for maturity reduced from 143.1 with sowing in the last week of October to 119.4 in 150 sowing in 3 rd week of November (Table 2) . Grain yield and its attributes of barley viz., 151 effective tillers/m 2 , the number of grains/spike and 1000 grain weight were significantly 152 affected by different dates of sowing and spacings but not by an increase in seed rate (Table  153 2). Earlier sowing of barley, i.e. in last week of October and 1 st week of November performed 154 better than later sowings viz. in 2 nd and 3 rd week of November in terms of yield attributes 155 namely effective tillers m -2 , the number of grains spike -1 and 1000 -grain weight. Sowing of 156 barley in last week of October witnessed 3.6, 7.0 and 7.2 % boost in effective tillers m -2 , the 157 number of grains spike -1 and 1000-grain weight, respectively than sowing in 2 nd last week of 158
November (Table 2) . Likewise, higher values of yield attributes were attained by reducing 159 row spacing of barley from recommended of 22.5 cm to 20.0 cm, but more reduction to 17.5 160 cm gave reverse results. Insignificant variation was recorded in all yield attributing 161 parameters understudy with different seed rates (Table 2) . 162
Among four dates of sowing studied highest yield was recorded when barely was sown 163 in last week of October (5.65 Mg ha -1 ); nonetheless, it was statistically similar to yield (5.53 164
Mg ha -1 ) produced with sowing in the first week of November (Table 2) . Sowing of barley in 165 2 nd week of November generated the lowest grain yield (4.82 Mg ha -1 ) ( (Table 3) . While phenological characters viz. days to 50 % spike emergence 173 and days to maturity were recorded statistically similar during the study (Table 3 ). The 174 maximum grain yield (5.60 Mg/ha) was recorded during 2017-18 (Table 3) . 175
Functional analysis 176
The functional analysis results are presented in Table 4 showed a highly significant and 177 positive correlation between grain yield and all the studied variable viz. plant height, days to 178 50% spike emergence, days to maturity, effective tillers/m 2 , number of grains/ spike and 179 1000-grain weight of wheat. 180
The functional relationship was established between yield and various growth parameters 181
viz. plant height, days to 50% flowering and days to maturity; and grain yield and its attributes 182
viz. effective tillers per meter square, number of grains per spikes and one thousand grain 183 weight. It was observed that the variable plant height and days to 50% spike emergence 184 explained 97 % variation in yield whereas only 81% variation in the yield was explained by 185 days to maturity. However, the variation in yield by its attributes as described earlier was 186 observed to be 84%, 69% and 71% respectively (Fig. 2) . Simple linear regression of yield 187
with plant height and days to 50% spike emergence showed the fitness at R 2 of 0.97 ( Fig. 2a  188 and 2b). 189
Whereas, in the case of the relationship of yield with days to maturity and effective tillers, 190
R 2 values were 0.81 and 0.84, respectively ( Fig. 2c and 2d ). The regression model of yield 191 with grain per spike and 1000-grain weight showed the R 2 values of 0.69 and 0.71, 192 respectively ( Fig. 2e and 2f) . 193
Crop economics 194
Out of 4 dates of sowing, last week of October proved most remunerative fetching the 195 highest gross (USD 1287 ha -1 ) and net returns (USD 658 ha -1 ) as well as B:C (2.04) followed 196 by their counterpart with the first week of November viz. USD 1262 ha -1 , USD 632 ha -1 and 197 2.00, respectively ( (Table 5) The crop that was sown on 20 October and 16 November experienced higher 231 temperature than sown on 10 December which favoured the production of more number of 232 tillers. Significantly less number of effective tillers under 10 December sowing might be 233 attributed to its shorter growing period, due to which the late emerged tillers. Early sowing 234 provides a window for utilizing warmer temperature, accommodating crop to produce more 235 tillers (Khattak et al., 2016). The number of spikes/m 2 significantly affected by row spacing 236 also. The number of spikes/ m 2 recorded in 20 cm wide rows than in 22.5 cm, which may be 237 due to increased space between plants in narrow rows than wider rows and consequently 238 more light and radiant energy is received which enhanced number of lateral branches 239 (Mohamadzadeh et al., 2011) . Likewise, on an average, 6.9 and 5.1 per cent boost was 240 recorded in the number of grains/spike in the crop sown in the last week of October and 1 st 241
week of November as compared to the crop sown in 2 nd and 3 rd week of November. 242
Significantly higher 1000 grain weight was obtained in barley sown in last week of 243
October (5.5 and 6.7 per cent) and first week of November (3.9 and 5.1 per cent). The 244 reduction in grain weight in the late sown crops is a consequence of shorter grain filling 245 period and exposure to warmer temperature and more extended photoperiod (long day) 246
accounting for smaller and shrivelled grains (Mani et al., 2006) . Among four dates of 247 sowing studied, sowing in last week of October and 1 st week of November recorded 8 and 248 17 and; 6 and 25 per cent more grain yield. This might be because of the higher temperature 249 during the reproductive phase, particularly at the grain filling stage. Abiotic stresses (heat 250 and drought) affect grain filling and reproductive processes (Sehgal et al., 2018) . In this 251 direction, the exposure of wheat to short episodes (2-5 days) of heat stress (>24 0 C) at the 252 reproductive stage has resulted in the decreased grain weight and climatic requirements of 253
barley are similar to those of wheat (Prasad and Djanaguiraman, 2014) . Moreover, in early 254 sowing greater availability of metabolites (photosynthates) and nutrients to developing 255
reproductive fetched higher net returns and B:C ratio than sowing in 2 nd and 3 rd week of November. The 284
higher net returns and B:C ratio was ascribed to more grain and biological yield. 285
Overall, the alteration in the date of sowing (early sowing) of winter barley has the 286 potential to escape terminal heat stress. Therefore, a shift in the recommended window of 287 sowing is a must to sustain productivity. Three significant recommendations can be 288 generated from the results of the present study viz. First -Barley should be sown from last 289
week of October to the first week of November, second -row to row spacing of 20 cm 290 found optimum for achieving a higher yield of barley and third -no change is required in 291 seed rate. 292
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